
USAARL REPORT NO. 79-14 

A DIRECT MEASURE OF CRT IMAGE QUALITY 

By 

Robert W. Verona 
Harry L. Task 

Victor C. Arnold 
James H. Brindle 

HUMAN TOLERANCE AND SURVIVABILITY DIVISION 

Sensory Physiology 

September 1979 

U.S. ARMY AEROMEDICAL RESEARCH LABORATORY 
FORT RUCKER, ALABAMA 3 6 3 6 2  

Approved for public re lease,  d istr ibut ion unlimited.  
I 



t 

UNCLASSIFIED 
SECURITY CLASSIFICATION OF THiS PAGE (When Data Entered) 

i 

REPORT DOCUMENTATION PAGE 
1. REPORT NUMBER 12. GOVT ACCESSION NO 

USAARL Report No. 79-tz~ t 
4. T I T L E  (end Subtitle) 

A DIRECT MEASURE OF CRT IMAGE QUALITY 

7. AUTHOR(s,)  Robert W. Verona 
Harry L. Task 
Victor C. Arnold 
James H. Brindle 

S. PERFORMING ORGANIZATION NAME AND ADDRESS 

Human Tolerance and Survivability Division 
US Army Aeromedical Research Laboratory 
Fort Rucker~ Alabama 36362 

! I '  CONTROLLING OFFICE NAME AND ADDRESS 

US Army Medical Research and Development Command 
Fort Detrick 
Frederick, Maryland 21701 

14. MONITORING AGENCY NAME & ADORES~I !  ~ l t s r ~ t  t~m C ~ t ~ l l ~  O ~ c ~  

ADA075610 
Technical Report 

READ' INSTRUCTIONS 
BEFORE COMPLETING FORM 

RECIPIENT 'S  CATALOG NUMBER 

5. TYPE OF REPORT & PERIOD COVERED 

6. PERFORMING ORG. REPORT NUMBE(R 

8. CONTRACT OR GRANT NUMBER(s,) 

10. PROGRAM E L E M E N ~  PROJECT, TASK 
AREA & WORK UNiT NUMBERS 

6.11.OI.A, 3AI6110IA911C,288 
6.42.07.A, 4E464207D425 

12. REPORT DATE 

Ausust 1979 
IS. HUMBER OF PAGES 

21 
IS. SECURITY CLASS. ( 'of  this TepoTt) 

Unclassi fled 
1 I s .  DECLASSI FI CATION/DOWNGRADING 

SCHEDULE 

16. DISTRIBUTION STATEMENT (of this Report,) 

Approved for public release; distribution unlimited. 

i 
17. DISTRIBUTION STATEMENT (of the abstract entered In Block 20, IE d//feTenf b'om R e p o r t )  

18. SUPPLEMENTARY NOTES 

This is a reprint of a paper presented 
Instrumentation Engineers International 
27 August - 1 September 1979. 

at the Society of Photo-Optical 
Symposium, San Diego, California, 

19. KEY WORDS (Continue on reverse side t f  necsssot,J" and Identify by block number) 

-helmet mounted d i s p l a y s  -Modulation Transfer Function (MTF) 
/-image quality -cathode-ray tube (CRT) 
-television / 
-sine-wave analysis 

20. A ~ ' r ' R A C T  ~ er= ~'t , 'm'~ ~ .~f ~ end ldemtlty by block nmbe f )  

See reverse. 

i 

FORM ~ 4 T ~  EmTlOW OF 1 W O V  6 S  IS OBSOLETE D O  t JAN 73 UNCLASSIFIED 
SECUIRITY CLASSrFICATtON' OF THIS PAGE (111~mn. Data Entered) 



UNCLASS I F I ED 
SECURITY CLASSIFICATION OF THIS PAGE(llVhen Data ~nte~,ed) i 

20. ABSTRACT: 

This paper describes a d i rect  measuring technique for determining the 
image qual i ty  of raster-scanned cathode-ray tube (CRT) displays. This 
technique is based on the Modulation Transfer Function (MTF) theory and 
human visual psychophysical data. The rat ionale for the technique is 
discussed from a theoret ical as well as functional viewpoint. The in- 
strumentation necessary to obtain these measures in manual and automatic 
modes is discussed. Data obtained using this measurement technique are 
analyzed and compared with the theoretical performance of the displays. 
The image qual i ty  of new CRT displays procured for the U.S. Army's Advanced 
Attack Helicopter is being specif ied and tested using this d i rect  measuring 
technique. 

UNCLASSIFIED 
SECURITY CLASSIFICATION OF THIS PA'GE(Wihen Data ~ntered) 



NOTICE 

Qualified Requesters 

Qualified requesters may obtain copies from the Defense Documenta- 
tion Center (DDC), Cameron Station, Alexandria, Virginia. Orders wi l l  
be expedited i f  placed through the librarian or other person designated 
to request documents from DDC. 

Change of Address 

Organizations receiving reports from the US Army Aeromedical 
Research Laboratory on automatic mailing l ists should confirm correct 
address when corresponding about laboratory reports. 

Disposition 

Destroy this report when i t  is no longer needed. Do not return i t  
to the originator. 

Discl aimer 

The views, opinions, and/or findings contained in this report are 
those of the authors and should not be construed as an of f ic ia l  Depart- 
ment of the Army position, policy, or decision, unless so designated by 
other of f ic ia l  documentation. Citation of trade names in this report 
does not constitute an off ic ia l  Department of the Army endorsement or 
approval of the use of such commercial items. 

Rev i ewed: 

ectWor , W ~ ~ C c e  
~uCrvivability Division and 

7 • ; ,/ 

David D. GIick,~TC vMSC 
Chairman, Scientific Review 

Commit tee 

ReUsed for P u b l i c a ~  

Colonel, MC 
Commanding 

. . . .  .m 



TABLE OF CONTENTS 

Page N~. 

L is t  of Figures . . . . . . . . . . . . . . . . . . . . . . .  4 

Introduct ion . . . . . . . . . . . . . . . . . . . . . . . . .  5 

Background . . . . . . . . . . . . . . . . . . . . . . . . . .  6 

Materials and Methods . . . . . . . . . . . . . . . . . . . .  8 

The Modulation Transfer Function (MTF) . . . . . . . . . . .  8 

Display Measurement Procedures . . . . . . . . . . . . . . .  10 

Required Equipment . . . . . . . . . . . . . . . . . . .  11 

Display Set-up Procedure . . . . . . . . . . . . . . . . .  12 

Video Transfer Function (VTF) Measurement . . . . . . . .  13 

Sine-wave Response (SWR) Measurement . . . . . . . . . . .  14 

Developmental Procedures . . . . . . . . . . . . . . . . . . .  15 

Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . .  16 

References . . . . . . . . . . . . . . . . . . . . . . . . . .  17 



LIST. OF FIGURES 

Figure No. 

1 

2 

3 

4 

5 

Resultant system response calculated from 
component responses . . . . . . . . . . . . . . . .  

Typical MTF obtained from calculations 
based on assuming a Gaussian distr ibut ion 
spot prof i le as a point spread function . . . . . .  

Electronically generated video sine-wave . . . . .  

Typical sine-wave response (SWR) curve 
for a miniature CRT display . . . . . . . . . . . .  

Equipment used to generate sine-wave and 
square-wave video test signals . . . . . . . . . .  

Photometric system for measuring and 
recording display luminance . . . . . . . . . . . . .  

Relationship between effective s l i t  
width and one cycle at the highest 
spatial frequency sine-wave measured . . . . . . .  

Typical video transfer function (VTF) . . . . . .  

Page No. 

9 

11 

11 

11 

11 

14 

14 

4 



INTRODUCTION 

Advances in electronic display technology have not yet changed the 
primacy of the cathode-ray tube (CRT) in the area of video information 
displays. Yet, a comprehensive basis for specifying television display 
image quality which relates to human operator performance parameters has 
not evolved even though numerous studies have investigated various facets 
of this specification problem during the past 30 years. 

This specification problem is directly related to the lack of stand- 
ardization in display performance metrics. Currently, no universally 
acceptable technique exists for analyzing television display system qual- 
i ty .  Each manufacturer establishes his own test, measurement, and eval- 
uation procedures. 

The lack of standardization in measurement techniques makes i t  v i r -  
tual ly impossible to establish comprehensive performance specifications. 
Presumably, television display manufacturers publish specifications so 
prospective buyers can evaluate this data before selecting a particular 
unit for their needs. But, i t  is d i f f i cu l t  to find a common denominator 
so that one can compare units bui l t  by various manufacturers on the basis 
of performance. 

Many techniques were tr ied during the late 1960's and early 1970's 
to measure the image quality of the miniature CRT's. In the mid 1970's 
a new technique was developed at the Aerospace Medical Research Labora- 
tory (AMRL), Wright-Patterson Air Force Base (Task, Verona 1976). The 
U.S. Army Aeromedical Research Laboratory, Fort Rucker, Alabama, U.S. 
Army Night Vision and Electro-Optics Laboratory, Fort Belvoir, Virginia, 
and Honeywell, Inc., have continued to use and refine the techniques de- 
veloped at AMRL. The evolved procedures and caveats for applying the 
measuring technique to miniature as well as panel-mounted CRT displays 
are presented in detail. 



BACKGROUND 

The resolution of optical elements has been measured for years by 
means of two-dimensional bar patterns with various spacings and angular 
arrangements. The optical element under investigation forms an image of 
the bar pattern, and the observer subjectively determines the l imit ing 
resolution from the smallest set of bars he can resolve. With this type 
of test, i t  is possible to determine only a subjective maximum resolution. 
This resolution measure provides information about only a single spatial ~ 
frequency. How the display operates at other spatial frequencies is not 
determined. Also, there is too much var iab i l i ty  in this method of meas- 
urement for i t  to be used as a basis for setting specifications. As the 
observer changes, so does the subjective maximum resolution value. 

The U.S. Air Force (USAF), National Bureau of Standards (NBS), 
Electronic Industries Association (EIA), and other groups interested in 
finding a solution to this measurement problem developed several d i f fer-  
ent types of resolution charts in an effort to conduct more reliable 
tests. The EIA Resolution Chart (Institute of Radio Engineers 1961) i s  
currently the most popular chart used for making a subjective evaluation 
of a television system's performance. 

While the controversy about the best type of resolution chart to 
become a standard was going on, Otto H. Schade (1954), an electrical en- 
gineer at RCA, introduced a new approach to solving the problem of opti- 
cal system evaluation. Schade was working in the area of communications 
and was intent on improving the response capabilities of television sys- 
tems. Schade is recognizedas the individual responsible for the method 
of electro-optical (E-O) system analysis called "Sine-Wave Testing." 
This method has led to what we now call the "Modulation Transfer Function" 
(MTF) analYsis. 

Schade wanted to optimize the complete TV system from camera to dis- 
play. From electrical systems analysis he knew he could study the re- 
sponse of electrical elements such as amplifiers by either of two methods: 
f i r s t ,  transient response to rectangular pulse input, or second, amplitude 
and phase response to variable frequency, constant amplitude sine-wave 
inputs. The transient analysis is more d i f f i cu l t  to use experimentally. 
Schade reasoned he should be able to analyze optical elements with tech- 
niques similar to those he had applied to electronic elements. The var- 
iations in intensity with angle as seen by a lens correspond to the var- 
iations in voltage with temporal frequency as seen on an oscilloscope. 
The variations in intensity in the former case is a function of frequency 
too, spatial frequency. 



The concept of spatial frequency is fundamental to the understanding 
of MTF analysis. Spatial frequencies either in a test object or in the 
image of the object formed by the system are expressed in units of cycles 
or lines per unit distance. Spatial frequencies are thus analogous to 
the familiar temporal frequencies but are expressed in units of cycles 
per unit length. 

Schade and his contemporaries investigated the transfer function 
of the entire electro-optical system. The measurement techniques devel- 
oped in this paper apply only to the television display, the device 
which interfaces part of the E-O system with the human operator. 

The need for both system and component performance measures exists. 
When purchasing a packaged E-O system, a judgment of the quality of a 
system is usually made on the basis of the system transfer function--its 
capability of transferring spatial information from sensor to display. 
When assembling an E-O system from components or replacing components in 
a packaged system, the response of the individual components must be 
known since each component may signif icantly affect the resultant system 
performance. A poor choice of a single component can have a devastating 
effect on the overall system performance. By the same rationale, using 
a more expensive component with performance far beyond that of the other 
components may not signif icantly improve the system performance at least 
from a cost effective viewpoint. The E-O system response may be obtained 
by a point-to-point multiplication of the component transfer functions 
(Figure 1). 
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Figure 1. Resultant system response calcu- 
lated from component responses. 
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MATERIALS AND METHODS 

THE MODULATION TRANSFER FUNCTION (MTF) 

In the past several years, the MTF measure of display quality has 
received considerable attention. The MTF has been used as a quality in- 
dicator of f i lm and photographic systems, of optical systems and lenses, 
and more recently of CRT displays. Theoretically, the system MTF indi- 
cates the percent modulation that the system wi l l  pass as a function of 
sine-wave spatial frequency. 

Since any signal (or picture) theoretically can be resolved into a 
set of component sine-waves, i t  is possible to predict how the signal 
(picture) wi l l  appear after passing through a system with a known MTF. 
Therefore, i f  the MTF of a system is known, the signal (picture) degra- 
dation caused by that system can be calculated. However, the system 
must be linear and continuous before MTF techniques can be applied. 
Unfortunately, CRT displays are nonlinear devices so care must be taken 
when applying MTF analysis to them. 

There are several ways to obtain the MTF of a CRT display. Most of 
these methods require mathematical manipulation of empirically measured 
signals and assume l inear i ty  of the CRT display. 

Mathematically, the system MTF is defined as the normalized Fourier 
transform of the system's point spread function. The point spread func- 
tion is the resultant output signal from a system for a point or "narrow" 
impulse input signal. Rigorous treatment requires the input to be of 
zero width and in f in i te  height; practically, the impulse needs to be 
"much narrower" than the spread caused by the system being tested. For 
CRT displays, the point spread function is typical ly obtained by measur- 
ing the spot profi le produced on the face of the CRT by the scanning 
electron beam. This "spread function" is then used to obtain the MTF 
by applying the Fourier transform theory. Another approach is to assume 
the spot profi le is a Gaussian distribution (equation 1) and calculate 
the MTF from equation 2. A Gaussian distribution is used because the 
Fourier transform of a Gaussian distribution is easily obtained in ana- 
ly t ic  form thus eliminating the necessity of using numerical Fourier 
transform techniques and a computer. (CRT spot profiles are typical ly 
near Gaussian.) Equation 2 is the normalized Fourier transform of equa- 
tion 1. 
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Gaussian luminance distribution of CRT spot 

-I12(xI~) ~ 
L(x) = Ke (1) 

where 
L = luminance distribution 
K = constant 
x = spatial parameter (.length) 

= standard deviation of the Gaussian distr ibution (in same 
units as x) 

Taking the Fourier transform of equation I yields the MTF 

MTF(f) = e 
where 

f = spatial frequency 
= standard deviation of Gaussian distribution 

MTF(f) = modulation transfer factor 

(2) 
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Figure 2. Typical MTF obtained from calculations 
based on assuming a Gaussian distribution spot 
profi le as a point spread function. 

Other methods of obtaining the MTF of a CRT display require Fourier 
analysis of square-wave, l ine or edge patterns. In each case the MTF 
must subsequently be calculated, assuming l inear i ty  of the display. 



The direct method of obtaining the display MTF is to measure the 
modulation transfer of the display for sine-wave signals of various fre- 
quencies. The problem with applying this approach to CRT displays is that 
the input signal is electronic (measured in volts) and the output signal 
is photometric (measured in footlamberts). Thus, the output to input 
ratio (percent of modulation transfer) is not clearly defined. Typically, 
this problem is circumvented by using a normalization procedure, the 
results of which can be misleading. 

DISPLAY MEASUREMENT PROCEDURES 

The sine-wave response (SWR) measurement was devised to avoid the 
problems inherent in calculating the MTF by using the various methods 
described. The SWR relates the maximum modulation contrast capability of 
the display to spatial frequency, measured directl~ frequency by fre- 
quency. This differs from the MTF in two important respects: (I) i t  does 
not assume l inear i ty  of the CRT display, and (2) i t  is not a normalized 
function. Later in this paper the importance of these two characteristics 
wi l l  become more apparent. 

Figure 3 shows the electronically generated sine-wave video signal 
used to measure the SWR. This signal is set up to duplicate the voltage 
level characteristics of the TV camera or sensor with which the display 
under test wi l l  be used. 

With th is  signal as the input to the d isp lay,  the luminance d i s t r i -  
bution across the face of the display is measured by scanning wi th a 
photometer. 

The modulation contrast is found using equation 3. 

where 

Lma x- L min 
Mc : L + L 

max min 

M c = modulation contrast 

~ max = peak luminance level 
min = minimum luminance level 

(3) 

This is repeated for several spatial frequencies until the entire SWR 
is obtained. Figure 4 shows a typical SWR for a high quality display. 
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Figure 3. Electronically gener- 
ated video sine-wave. 

Figure 4. Typical sine-wave re- 
sponse (SWR) curve for a minia- 
ture CRT display. 

Requi red equi pment. 

Two pieces of equipment are required to make the display measure- 
ments. First, a video test signal generator capable of producing a con- 
stant amplitude sine-wave and square-wave signal, in video format, over 
the electronic frequencies of interest is required (see Figure 5). Sec- 
ond, a means of measuring the resulting luminance distribution on the 
display screen is needed (see Figure 6). The luminance profi le can be 
measured using either a photometer with appropriate optics and a narrow 
s l i t  aperture or i t  can be calculated from measurements made with a 
spectroradiometer. For narrow band color phosphors, such as the P-44, 
i t  may be advisable to calculate the luminance from the spectroradiometric 
measurements since photopic correction f i l te rs  for photometers may not 
match the human eye's photopic response at al l  wavelengths in the visible 
spectrum. 
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Figure 5. Equipment used to 
generate sine-wave and square- 
wave video test signals. 

Figure 6. Photometric system for 
measuring and recording display 
luminance. 
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Several factors influence the selection of the photometer imaging 
optics and sampling s l i t  aperture size. The effective s l i t  width and 
length are obtained by dividing the actual s l i t  length and width respec- 
t ively by the magnifying power of the photometer's objective lens. The 
effective s l i t  length, oriented perpendicular to the raster scan lines, 
must be suff ic ient ly large to average the luminance over several (6-10) 
scan lines. The effective s l i t  width must be no wider than one-tenth of 
the width of one TV line for the highest spatial frequency measured (see 
Figure 7, p. 14). 

Display set-up procedure 

Before any measurements of the display are made, the display must be 
properly set up. The f i r s t  step in the set-up procedure is to adjust the 
size, aspect ratio, l inear i ty  of scan, and voltage levels according to the 
manufacturer's instructions and specifications. These parameters must 
remain constant during the analysis (some displays may require 30-60 
minutes to stabil ize). 

The display brightness and contrast controls must be set up to pro- 
vide the "best" video image. The following procedure was developed to set 
the controls for maximum picture contrast but without any black level 
clipping of the image. 

A video compatible square-wave signal corresponding to a 9-15 TV l ine/ 
PH (6-10 cycles/display width) pattern is applied to the display input. 
The brightness and contrast controls are then set to to ta l ly  cl ip (elec- 
tron beam cut-off) the lower voltage bars (reference black level of Figure 
3) of the image, keeping the bright bars (reference white level) at some 
specified peak luminance level, such as 150 ft-L. This pattern is scanned 
by the s l i t  photometer to measure the luminance profi le. The luminance 
measured at the center of the dark bars is due tota l ly  to halation or 
l ight  scatter since the electron beam is cut off for this portion of the 
pattern. One-half of one percent of the luminance of the bright bar is 
added to the l ight scatter luminance of the dark bar. This is used as the 
black level reference luminance. 

At this point the electronic focus is adjusted to achieve a subjec- 
t ively sharp square-wave pattern. Fine tuning of the electronic focus 
is done later in a more quantitative fashion. I f  this electronic focus- 
ing changes the peak luminance value, the previous steps should be re- 
peated. 

The ratio of the peak luminance bar to the black level reference 
luminance is the contrast ratio for the display. I t  is apparent from this 
process that the maximum contrast ratio obtainable is 200:1. This l imita- 
tion has not proved to be a problem to date. 
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Using the brightness and contrast controls, the white reference is 
set to the specified peak luminance and the black reference Is set to the 
minimum luminance defined by the contrast ratio for the 9-15 TV line/PH 
square-wave input signal. This is an iterative process of adjusting 
brightness then contrast to achieve the desired luminance levels. 

I f  the transfer characteristics of the CRT ( i .e . ,  luminance versus 
grid to cathode voltage) and the raster cut-off voltages are known, an 
alternate method of set-up can be accomplished by adjusting the CRT drive 
and bias voltages for the desired peak luminance and contrast ratio. The 
constraints on the CRT drive voltage are determined from the CRT transfer 
curve; they are the grid to cathode voltage levels boundedbetween the 
raster cut-off and the desired peak luminance. As long as these values 
are not exceeded, the CRT will not normally be overdriven. The brightness 
and contrast controls are adjusted to simultaneously achieve a "just" 
active black in the dark bar areas while maintaining the maximum desired 
peak luminance in the reference white areas. 

Thus, using either set-up procedure, the display brightness and 
contrast controls wil l have been set to achieve the maximum modulation 
contrast attainable for a specific peak luminance. I f  the controls are 
adjusted so the display operates into a cut-off region, the CRT image wil l 
be "black level clipped," i .e . ,  fine detail in low luminance display areas 
will be indistinguishable and the modulation contrast wil l be inflated. 
I f  the controls are adjusted so the display operates into a saturation 
region, the CRT image will be "washed out," i .e. ,  fine detail in the high 
luminance display areas wil l be indistinguishable and the modulation 
contrast wil l  be diminished. 

I f  the actual E-O sensor video is applied to the display, the peak 
video levels produce peak luminance and the minimum video levels produce 
"just" active black for low spatial frequencies. This assures maximum 
modulation contrast from the sensor's output toappear on the display 
without black level clipping. The brightness and contrast controls are 
now set for the Video Transfer Function (VTF) and SWR measurements. 

Video transfer fu,nction,~(VTF),measuremgnt 

The VTF describes the relationship between the input video signal 
and the output luminance level for a relatively low (9-15 TV lines/PH or 
6-10 cycles/width) spatial frequency. The VTF is measured by adjusting 
the amplitude of the peak video bars to the maximum sensor video output 
level and measuring the bar luminance as the signal level is decreased 
in equal voltage increments to the minimum sensor output level. The re- 
sulting luminance versus signal voltage is the VTF (see Figure 8) 
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cycle at the highest spatial 
frequency sine-wave measured. 

Figure 8. Typical video transfer 
function (VTF). 

The VTF yields useful information concerning the operating point of 
the display. From the VTF i t  is possible to determine i f  the display has 
been adjusted so as to cause black level clipping of video information at 
low frequency levels. I t  is also possible to determine how linearly the 
display operates and to what extent, i f  any, the display incorporates 
gamma correction circui try.  

Sine-wave response (SWR) measurement 

Before the SWR can be measured, the electronic focus must be f ine ly  
adjusted. A video sine-wave signal at about 300 TV lines/PH (.200 cycles/ 
display width) is input to the display. The electronic focus is adjusted 
to obtain a maximum contrast on the CRT measured photometrically. This 
insures the best spot focus for the direction of the scanning beam. 

The photometer scans the luminance profi le on the display for sev- 
eral spatial frequencies and the output is recorded on a strip chart re- 
corder. The average maximum and average minimum luminance values are 
then used to calculate the modulation contrast (equation 3) for each spa- 
t ia l  frequency. The graph of modulation contrast versus spatial frequen- 
cy is the SWR. A correction factor is applied to the SWR curve to com- 
pensate for the spatial frequency dependent modulation contrast degra- 
dation of the photometer caused by i ts f inite-width scanning aperture 
and imaging lens MTF. 

In most cases, i t  is convenient to use the EIA standard video for- 
mats for measuring the display's performance unless the exact E-O sensor 
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output video format is known. For the VTF and SWR curves to be meaning- 
f u l ,  the video signal format used to generate them must match the format 
of the sensor output video. 

The f i r s t  question that arose a f ter  establ ishing th is  procedure was: 
"How repeatable is i t ? "  To answer th is question, the VTF and SWR of a 
miniature CRT display were measured I0 times over a period of 3kdays. 
Before each measurement t r i a l  a l l  controls were set to zero and then re- 
adjusted according to the previously described procedure. Based on th is 
test i t  was apparent that the SWR was s u f f i c i e n t l y  re l i ab le  to be used as 
a measure of display qua l i t y  and performance. 

DEVELOPMENTAL PROCEDURES 

The measurement techniques discussed so far  are not sensi t ive to 
phosphor persistence. A CRT display with a long persistence phosphor 
may have a s imi la r  SWR and VTF as a phosphor with a medium or short per- 
sistence. The SWR and VTF may adequately describe the performance of a 
CRT used to display s ta t i c  imagery but would be dreadfu l ly  lacking in 
describing the performance of a CRT used to display dynamic imagery. 
Another technique being investigated could be used to measure the modu- 
la t ion contrast degradation, under dynamic condit ions, caused by exces- 
sive phosphor persistence. The spat ia l  sine-wave pattern is e lec t ron i -  
ca l l y  d r i f ted  across the CRT screen at a constant ve loc i ty  in f ront  of a 
stat ionary photometer with a s l i t  aperture. The modulation contrast val-  
ues are calculated for  a series of spat ial  frequencies for  each d r i f t  
ve loc i ty .  This procedure generates a fami ly of SWR curves; depict ing 
the modulation contrast degradation at each spat ial  frequency as a func- 
t ion of d r i f t  ve loc i ty .  

The instrumentation becomes more complex when the temporal as well 
as the spat ial  aspects of the CRT imagery are quant i f ied.  The temporal 
response of the measurement system can easi ly  be confounded with the 
d isp lay 's  temporal response. The temporal response of the photometer 
and s t r i p  chart recorder must be scrut in ized care fu l l y .  I nsu f f i c i en t  
in tegrat ion time in the photometer w i l l  resu l t  in transients when the 
CRT spot is v i s ib le  through the s l i t  aperture. Slow response times in 
the photometer and/or chart recorder w i l l  be manifested in deflated modu- 
la t ion  contrast values. 

An in tegrat ion time of about .05 to 0.1 seconds is needed in the 
photometer and a frequency response of greater than 30 Hz is required of 
the chart recorder. The photometer can eas i ly  achieve the desired in te-  
grat ion time, but a d i g i t a l  processing and storage uni t  is subst i tuted 
for  the 0.5 Hz s t r i p  chart recorder. The d i g i t i z e r  can eas i ly  and accu- 
ra te ly  process and store the analog photometric data wi th in  the time con- 
s t ra in ts .  
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The dynamic measurement procedures are s t i l l  being tested and refined 
to insure repeatability; they must also be validated to insure that i t  is 
measuring what i t  purports to be measuring. The results so far seem prom- 
ising. 

The CRT quality measurement procedures discussed in this paper are 
quite time consuming. In order to be acceptable as an industrial testing 
procedure, i t  must be streamlined and automated. An automated measurement 
system ~s currently being fabricated and integrated into a system which is 
expected to satisfy the production industrial display measurement applica- 
tions. The ini t ia l  set-up procedures must s t i l l  be partially manual, but 
the data acquisition and documentation functions are performed automati- 
cally. 

The heart of the new system is the Hewlett-Packard 9835 Desktop 
Computer. I t  controls, byway of its interface bus, the Hewlett-Packard 
Function Generator, the Gamma Scientific Spatial and Spectral Scanning 
Photometer/Radiometer, the Klinger Scientific Precision Positioning Sys- 
tem, and peripheral floppy disk, impact printer, four color plotter, and 
CRT display terminal. This experimental system is expected to prompt, 
acquire, process, flag, plot, and document static and dynamic display 
evaluation data. 

CONCLUSIONS 

Implementation of the SWR evaluation technique by a major miniature 
CRT supplier has resulted in an improvement in the performance charac- 
teristics of CRT's delivered for a U.S. Army helmet mounted display pro- 
gram for the YAH-64, Advanced Attack Helicopter. This procedure has been 
demonstrated on 50 CRT's delivered over an 18-month period. 

These improvements are a direct result of the manufacturers' abi l i ty 
to evaluate a CRT beyond the traditional screening for spot size, cut-off 
voltage, luminance, etc., and make controlled design improvements/correc- 
tions leading toward achieving specified performance requirements. 
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